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ABSTRACT 
As a crop that is rich in oligosaccharides, Jerusalem artichoke is considered one of the most promising plants for 
production because of its ability to survive in marginal lands, strong resistance to biotic and abiotic stresses, ease of 
conversion into biofuels, and use for food consumption. In the present study, the effects of propagule size on tuberous 
rhizome production and the physicochemical characteristics of Jerusalem artichoke were evaluated. Five propagule 
sizes of tuberous rhizome, 10 g (T1), 30 g (T2), 50 g (T3), 70 g (T4), and 90 g (T5), were used in a completely 
randomized experiment with 5 replicates and 11 plants per replicate. Harvesting was carried out 164 days after 
planting. The results showed that T1 resulted in the lowest emergence rate, number of tuberous rhizomes and 
aboveground fresh weight per plant of all the treatments. However, there was no significant difference among 
treatments in the tuberous rhizome dry weight, pH, titratable acidity, Brix, or reducing sugar. Propagule with tuberous 
rhizome of 30-50 g is recommended to achieve a high emergence rate and yield. 
Keywords: Helianthus tuberosus L., tuberous rhizomes, physicochemical characteristics, underground biomass. 
 
 
Tamanho de propágulos de alcachofra-de-jerusalém (Helianthus tuberosus L.) na produção e 
características físico-químicas de seus rizomas 
RESUMO 
A alcachofra-de-jerusalém, rica em oligossacarídeo, é considerada uma das plantas mais promissoras, porque é 
cultivável em terras marginais, possui alto rendimento de biomassa, forte resistência a estresses bióticos e abióticos, 
é fácil de se converter em biocombustíveis, além de ser uma opção alimentar. No presente estudo, avaliou-se o 
efeito do tamanho de propágulos no crescimento, rendimento e características físico-químicas de alcachofra-de-
jerusalém. Utilizaram-se cinco tamanhos de propágulos: 10 g (T1), 30 g (T2), 50 g (T3), 70 g (T4) e 90 g (T5), em 
experimento em delineamento inteiramente casualizado, com 5 repetições e 11 plantas por repetição. A colheita foi 
realizada 164 dias após o plantio. Verificou-se que o T1 apresentou menor taxa de emergência, massa fresca total 
do rizoma (MFTR) e da parte aérea (MFTPA), em comparação aos demais tratamentos. Não houve diferença 
significativa na massa seca total do rizoma (MSTR), pH, acidez titulável, Brix, e açúcar redutor (AR) entre os 
tratamentos, enquanto T1 apresentou levemente menor teor total de açúcar (AT) e sacarose. Recomenda-se a 
propagação às plantas a partir de rizomas tuberosos com massa de 30 até 50 g para se obter maior taxa de 
emergência e rendimento. 
Palavras-chave: Helianthus tuberosus L, rizomas tuberosos, características físico-químicas, biomassa subterrânea. 
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1. Introduction 
Jerusalem artichoke (Helianthus tuberosus L.) is a 
perennial plant that originated in North America and 
belongs to the Asteraceae family (Brezeanu et al., 2016). 
The uses of its tuberous rhizomes are diverse, and they 
can be used for human and animal consumption or 
industrial purposes. They can be used in the 
manufacturing of flour, fructose syrup, and inulin (Kays 
and Nottingham, 2008), in the development of probiotic 
products (Rocha et al., 2006) and silage (Razmkhah et al., 
2017), and as a biomass source for the production of fuel 
alcohol (Johansson et al., 2015). 
The phenotypic variation is very high between 
different varieties of Jerusalem artichoke. The color of 
the tuberous rhizomes ranges from yellow to red (Goetz, 
2011), and their length, size, and weight differ with their 
varied adaptability to distinct environments 
(Diederichsen, 2010). According to Izsáki and Kádi 
(2013), the Jerusalem artichoke yield can vary from 15 to 
28 t ha-1 depending on the variety. 
The growth, yield of tuberous rhizomes and chemical 
composition of Jerusalem artichoke are influenced by 
ecological conditions, varietal characteristics, and 
cultivation technology (Izsáki and Kádi, 2013). 
Generally, Jerusalem artichoke is propagated using all or 
part of its tuberous rhizomes. (Alla et al., 2014), and its 
size and shape are attributed to its critical quality and 
strongly related to its final yield (Brezeanu et al., 2016). 
Previous results showed that the propagule size of 
Jerusalem artichoke tuberous rhizomes is important for 
its growth and propagules that are less than 40 g exhibit 
a reduced emergence rate (Delbetz, 1867; Morrenhof and 
Bus, 1990), the number of stems (Boswell et al., 1936), 
and the production (Boswell, 1959; Kovac et al., 1983). 
According to Kays and Nottingham (2008), Jerusalem 
artichoke is propagated from its tuberous rhizomes 
weighing from 45 to 60 g (Baillargé, 1942; Kays and 
Nottingham, 2008). Li et al. (2005) demonstrated that the 
main stem and photosynthetic area increased with the 
increasing propagule size of Jerusalem artichoke 
tuberous rhizomes, but the increases were not 
outweighed by the enhanced consumption of propagule. 
Although Jerusalem artichoke can be found growing 
in the wild in many parts of the world due to its high 
adaptability to diverse environments, agronomic 
practices for its production have been poorly investigated 
(Rossini et al., 2019; Kays and Nottingham, 2008; Barloy 
et al., 1988). Some studies have described the effects of 
the propagule size on the growth and yield of Jerusalem 
artichoke; however, they focused only on the botanical 
characteristics (Alla et al., 2014; Lloret et al., 1999; 
Seiwa, 2000), and the effects of the propagule size on its 
chemical composition are rarely mentioned. 
In light of the above observations, there is limited 
information available about the effect of propagule size 
of tuberous rhizome on the morphological and 
physiological characteristics of Jerusalem artichoke. 
Therefore, the aim of the study was to investigate the 
response of Jerusalem artichoke growth, yield, and 
physicochemical characteristics to the propagule size of 
its tuberous rhizome. 
 
 
2. Material and Methods 
In the current study, tuberous rhizomes of Jerusalem 
artichoke from the collection of medicinal plants in the 
Department of Horticulture, Agronomical Sciences 
College, São Paulo State University (UNESP), Campus 
of Botucatu (22°51′S; 48°27′W), São Paulo, Brazil, were 
used. The experiment was conducted from October 24, 
2015, to April 8, 2016, in a greenhouse with shade net 
(with 50% shade). The climate is defined as CWa 
according to the Köppen-Geiger climate classification 
system (Alvares et al., 2013). 
To plant the tuberous rhizomes, 5 L plastic containers 
(polyethylene) containing a substrate composed of 75% 
soil (sandy clay loam soil) and 25% substrate were used. 
The substrate characteristics were 60% moisture, 130% 
water retention capacity, 200 kg/m3 density, 5.8 pH and 
2.0 mS/cm electrical conductivity. The distance between 
plants was 0.40 m, and the distance between lines was 
0.80 m. The soil was collected from the 0-20 cm soil layer 
of a field where no crop production or agricultural 
practices had occurred in the last 10 years. After 
collection, the soil sample was air-dried and sieved 
through a 2 mm sieve for soil fertility analyses (Table 1). 
The pH (CaCl2), organic matter (O. M), Presin, H + Al, K, 
Ca and Mg, SB (sum of bases), CEC (cation exchange 
capacity) and BS (base saturation, %) were determined 
according to the methodology described by Raij et al. 
(2001). 
The experimental design used was randomized blocks 
with five treatments and five repetitions per treatment. 
The treatments were tuberous rhizome propagule sizes of 
10 g, 30 g, 50 g, 70 g, and 90 g. Each plot contained 11 
useful plants, for 220 plants in total. Manual irrigation 
was performed daily, and the amount of water applied 
was up to the maximum capacity of the field soil.  
 
Table 1. Chemical properties of the soil used in the experiment. 
 pH O.M Presin H+Al K Ca Mg SB CEC BS 
CaCl2 g/dm3 mg/dm3 .................................... ....... mmolc/dm3 ........................................... 
Sandy clay loam soil 4.1 16 4 77 0.7 3 1 4 81 5 
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The emergence rate was calculated by the proportion 
of the number of germinated plants to the total number of 
plants planted. Plant height was measured from 
December 8, 2016 (two weeks after emergence) and was 
measured from the base of the plant to the apex every 30 
days with a measuring tape. 
The tuberous rhizomes were harvested at 164 days 
after planting. Subsequently, they were taken to the 
postharvest laboratory for cleaning and weighing. The 
data are expressed in grams of fresh weight per plant. For 
the determination of tuberous rhizome dry matter, a 
sample of 100 g of tuberous rhizomes was removed, 
thinly sliced and placed in an oven with air circulation at 
65°C until mass stabilization, which occurred at 48 h. 
The tuberous rhizomes were stored in a cold chamber 
at 5 ± 1°C with relative humidity 90 ± 5% for a period of 
three days. After this period, the tuberous rhizomes were 
shredded in a food processor and placed in 50 mL plastic 
pots for the analyses of soluble solids, pH, reducing 
sugars, and total sugars. 
Soluble solids were determined by the refraction 
index measure, according to the methodology 
recommended by AOAC (2005). The reading was 
performed with a digital refractometer (Atago Co., 
LTDA, Japan), and the results were expressed in degrees 
Brix. The pH was measured using the aqueous extract in 
a model B-221 micronal potentiometer according to the 
methodology recommended by the Adolfo Lutz Institute 
(1985). The total reducing sugar content was determined 
according to the methodology described by Somogyi, 
adapted by Nelson (1944). The reading was done in a 
Micronal B382 spectrophotometer at 535 nm. The results 
for the reducing sugars and total sugars were expressed 
in %. 
The nonreducing sugar content, expressed as the 
sucrose content, was determined by the difference in the 
total sugar content and the reducing sugar content. The 
results were then multiplied by 0.95 and expressed as % 
(Cecchi, 2003). 
The data were submitted to variance analysis in 
addition to a Tukey test. P < 0.05 was considered 
significant. The software used was SAS 9.4. The graphs 
were made by Sigmaplot® (Version 11.0, ISI, USA).  
 
 
3. Results and Discussion 
3.1 Emergence rate and plant height 
It was observed that T5 resulted in the highest 
emergence rate (e.g., 64.85% on average), and T1 had the 
lowest value (e.g., 7.56% on average) compared to the 
other treatments (Figure 1). It can be seen that the smaller 
propagule of tuberous rhizome had a negative impact on 
the emergence rate. This conclusion is supported by 
previous studies; for example, Boswell et al. (1936) 
assessed the effect of the propagule size of Jerusalem 
artichoke and obtained significantly lower values for the 
emergence rate (%) at propagule smaller than 28.35 g (1 
ounce). A similar result was obtained by Delbetz (1867), 
who found that propagule of tuberous rhizome smaller 
than 40 g resulted in lower emergence rates for Jerusalem 
artichoke. This result is also in accordance with the 
reports of Slivertown (1981) and Seiwa (2000), who 
demonstrated that the emergence rate of Jerusalem 
artichoke was negatively influenced by smaller 
propagule of tuberous rhizome. 
There was no significant difference among the 
different propagule sizes of tuberous rhizome for plant 
height. T1 (68.89 cm) and T2 (79.94 cm) resulted in 
slightly shorter plants than T3 (84.34 cm), T4 (83.15 cm), 
and T5 (86.70 cm). This result was consistent with Shen 
et al. (2019), who found that a propagule lower than 6.5 
g significantly restrained potato growth, while little 
difference was observed in plant height between 
propagules of 12.5 g and 25 g. The results in this work 
showed that the plant height of T1 increased sharply and 
tended to be the highest at 104 days after planting; 
however, it decreased faster than those in the other 
treatments. This indicates that using a smaller tuberous 
rhizome for propagation can negatively affect the growth 
of Jerusalem artichoke. 
 
Figure 1. Emergence rate and plant height of Jerusalem 
artichoke at different propagule sizes of tuberous rhizome. 
Botucatu, 2015-2016. 
 
 
Note: T1, T2, T3, T4, and T5 represent five propagule sizes: 10 
g, 30 g, 50 g, 70 g, and 90 g, respectively. 
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3.2 Production of tuber rhizomes 
The agronomic characteristics of the tuberous 
rhizomes, such as mass and shape, are critical quality 
attributes and are strongly related to the final yield 
(Brezeanu et al., 2016). Previous studies have shown that 
large propagule of tuberous rhizome result in rapid 
germination and a high emergence rate, which in the end 
promote yield accumulation (Lloret et al., 1999; Seiwa, 
2000). 
It was found that the aboveground fresh weight 
(AGFW) and tuberous rhizome fresh weight per plant 
(TRFW) were influenced significantly by the size of the 
Jerusalem artichoke propagule (Table 2), while there was 
no significant difference between the treatments for 
tuberous rhizome dry weight (TRDW) or its dry matter 
in percentage (TRDMP), which varied from 21,6% to 
24,0%. T1 resulted in the lowest AGFW (47.4 g per 
plant) and TRFW values (104.7 g per plant) of all the 
treatments, while there were no significant differences 
among T2, T3, T4, and T5. Variance analysis showed 
that the AGFW and TRFW were 84% and 62% higher 
(on average), respectively, in the other treatments than in 
T1. 
These values are similar to the results observed by 
Kovac et al. (1983) and Kays and Nottingham (2008), 
who reported an increased accumulation of tuberous 
rhizomes with propagules greater than 40 g. The result of 
the current study was consistent with the study of 
Boswell et al. (1936), who investigated the effects of four 
propagule sizes of tuberous  rhizome (7 g, 14 g, 28 g, and 
56 g) on Jerusalem artichoke yield and reported that the 
propagules should be at least 28 g in weight, preferably 
56 g. Shen et al. (2019) also found that a large propagule 
size (>25 g) is more favorable to high tuberous rhizome 
yield and aboveground weight in potato. In summary, for 
the purpose of guaranteeing yield, propagules of tuberous 
rhizome ranging from 20 to 30 g are favorable to the 
survival of rhizome seedlings and result in greater 
economic benefits than smaller propagules. 
 
3.3 Physicochemical analysis 
The propagules size of tuberous rhizome had no 
significant effect on the pH, titulavel acidity, Brix, 
reducing sugar (RS) or total sugar (TS) of Jerusalem 
artichoke (Table 3). One of the most important quality 
parameters of Jerusalem artichoke is the total sugar 
content, which represents up to approximately 80% of the 
dry mass of the tuberous rhizome, and the main 
carbohydrate is inulin (Terzić and Atlagić, 2009; 
Filipović o et al., 2016). In this study, TS varied from 
10,77 to 13,0% and represented between 40 and 50% of 
tuberous rhizome dry matter (Table 3). These results 
were similar to those observed by Rakhimov et al. 
(2011), who determined the total sugar content and 
observed that its average value was 13.4%. 
In the present study, the sucrose content varied from 
9.0 to 11.8% and represented 80 to 90% of the total sugar 
content (Table 3). The sucrose content was found to vary 
according to the propagule sizes of tuberous rhizome. 
The statistical analyses showed that the sucrose content 
in T1 and T2 was slightly lower than that in the other 
treatments. Sucrose is one of the main forms of plant 
sugar storage, accumulation, and transport, and there is 
limited information on the sucrose content of Jerusalem 
artichoke grown from different propagule sizes. 
However, the results achieved in this work showed that 
the propagules size influenced photosynthesis 
accumulation and the growth of the tuberous rhizomes. 
 
Table 2. Production of Jerusalem artichoke tuberous rhizomes with different propagule sizes of tuberous rhizome. Botucatu, 2016. 
Treatments AGFW (g/p) TRFW (g/p) TRDW (g/p) TRDMP (%) 
T1 47.7b 104.7b 23.1a 23.1a 
T2 89.0a 163.3a 21.6a 21.6a 
T3 87.5a 150.2ab 23.6a 23.6a 
T4 77.3a 191.4a 22.4a 22.4a 
T5 97.7a 173.4a 24.0a 24.0a 
CV 21.74 22.05 15.79 25.44 
LSD 23.26 46.30 4.85 5.47 
Note: AGFW: aboveground fresh weight per plant; TRFW: tuberous rhizome fresh weight per plant; TRDW: tuberous rhizome dry 
weight; TRDMP: tuberous rhizome dry matter as a percentage. T1, T2, T3, T4, and T5 represent the five propagule sizes of tuberous 
rhizome: 10 g, 30 g, 50 g, 70 g, and 90 g, respectively. 
 
Table 3. Physicochemical properties of rhizomes of Jerusalem artichoke grown from different propagule sizes of tuberous rhizome. 
Botucatu, 2016. 
Treatments pH Titulavel acidity (10 g) o Brix RS (%) TS (%) Sucrose (%) 
T1 6.8a 2.2a 13.9a 0.7ab 11.2ab 9.0b 
T2 6.5ab 2.4a 12.8a 0.8a 11.3ab 9.9b 
T3 6.6ab 2.2a 13.7a 0.8a 12.4ab 10.7ab 
T4 6.6ab 2.0a 12.4a 0.8a 11.9ab 10.6ab 
T5 6.5ab 2.0a 14.0a 0.6ab 13.0a 11.8a 
CV 2.05 14.93 8.87 16.20 10.77 12.39 
LSD 0.182 0.43 1.59 1.6 1.73 1.73 
Note: RS-Reducing sugar; TS-Total sugar. T1, T2, T3, T4, and T5 represent the five propagule sizes of tuberous rhizome: 10 g, 30 g, 
50 g, 70 g, and 90 g, respectively. 
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4. Conclusions 
The propagule size of tuberous rhizome has an 
influence on underground production, the number of 
seedlings germinated, and the plant height of Jerusalem 
artichoke. Lower biomass values were recorded for 
smaller propagule of tuberous rhizomes. Additionally, 
the propagule size of tuberous rhizome had no significant 
effect on physicochemical characteristics, such as pH, 
titratable acidity, Brix, reducing sugar, and total sugars, 
while the sucrose content was greater at propagule of 50 
g, 70 g, and 90 g than at 10 g and 30 g. According to the 
results obtained in this work, propagule size of tuberous 
rhizomes ranging from 30 g to 50 g is recommended for 
the cultivation of Jerusalem artichoke. 
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